This study examined whether there were parental state differences in interpretations of infants' behaviours as associated with some mental states. Parents, nonparent women, and nonparent men were shown video clips that displayed several infant behaviours (e.g., playing with his/her mother). Then they were given two tasks. In a rating task, participants were asked to rate the likelihood of the filmed infant to have a mental state. On the other hand, in a description task, participants were instructed to explicitly describe the filmed infants' mental state in an open-ended manner. Importantly, all participants were asked to report the meaning of infants' behaviour in specific acts from the same set of infants' behaviours (e.g., the infants saw mother's face and smiled). The results revealed that parents and nonparent women significantly higher rated that infants were likely to express a mental state in the rating task than nonparent men did. On the other hand, parents were more likely to describe the filmed infants' mental states in the description task than nonparent women and nonparent men did. Results suggest that parents interpret more meanings from infants' behaviours compared to nonparents, even when both parents and nonparents equally focused on infants' behaviours.
Introduction
Theory of mind refers to the ability to attribute mental states such as intention, desire, and belief to ourselves and others, enabling an individual to predict and explain behaviour. Earlier research has examined the development of theory of mind in infants and young children [1, 2] ; moreover, recent studies have examined adults' theory of mind. One important issue in adult research is how adults attribute state of minds to different agents [3] [4] [5] . Gray et al. [3] showed that adults attributed different mental states such as agency (cognitive mental states) and experience (emotional mental states) to different agents such as God (agency) and infants (experience).
This study specifically focused on adults' theories of infants' mind. In the literature, there is an ongoing argument regarding whether there are parental state differences in the interpretation of infants' behaviours [6] [7] [8] [9] [10] [11] . In their pioneering study, Adamson et al. [6] examined the difference in interpretations of infants' intention between parents and nonparents. In this study, two types of infants' behaviours were examined. The first behaviour, a communicative act, involved an agent's behaviour that has intentions to communicate truly, whereas the second behaviour, a meaningful act, does not necessarily contain intention, but a recipient perceives it as communicative. Parents and nonparents (students) were asked to watch the stream of infant behaviours on video and press a button on the recording device whenever they see the baby's actions in a way that is communicative or meaningful for them. Result revealed that parents and nonparents did not differ in their responses to communicative acts whereas parents noted significantly more meaningful acts than nonparents did.
The results may suggest that experience with infants might foster parents' complex schemata for infants' action and stretch the dimension of "meaningful." Therefore, Kamel and Dockrell [12] examined whether the definition of "meaningful" differed between parents and nonparents. In this study, mothers were asked to select infants' actions that were meaningful while watching a video, where they were interacting with their infants. After that, they were instructed 2 Child Development Research to explain how they interpreted infants' behaviour as meaningful. The results revealed that maternal criteria of meaningfulness contained not only intention but also other internal states (e.g., happy). Then, nonparents were provided with the definition and criteria of meaningfulness in advance and were asked to select infants' actions they interpreted as meaningful (e.g., intention, happy) while watching the video of motherinfant interaction. The results showed that there was still a difference among parents' and nonparents' selection of intentional acts. Thus, the differences in the definition of meaningfulness could not fully account for parental state differences in the interpretation of infants' behaviour.
In the previous studies, participants were presented with the stream of infant behaviours on video and asked to select the meaningful behaviours. It may be possible that parents and nonparents pay attention to infants' different behaviours. By this account (the "different act account"), parents might split a stream of infants' behaviours into more detailed acts; therefore, parents can select more meaningful acts than nonparents can. On the other hand, nonparents may pay attention to infants' outstanding behaviours and not focus on other less notable behaviours. For example, consider a scene where an infant stops operating a toy and approaches his mother with hands reaching toward her. Nonparents may focus on the infant's latter act and attribute some mental states (e.g., desire) to the act, but they may ignore the former act. In contrast, parents may attribute mental states to both the former and the latter acts.
Alternatively, both parents and nonparents may equally focus on each infant's behaviour, but parents may be more likely to evaluate meaningfulness in infants' behaviours than nonparents do. This account (the "different evaluation account") is consistent with evidence that parents uniquely attribute several different meanings to infants' immature behaviours [13] [14] [15] [16] . Meins et al. [16] observed motherinfant interactions during free play and examined how often mothers described her own infants' mental states. Results showed that some mothers often refer to infants' mental states such as emotion, thinking, and intention. These maternal comments on infants' minds were considered as the index of "mind-mindedness," a maternal proclivity to treat an infant as an individual with a mind, even though the infants are still young. The maternal mind-mindedness can significantly contribute to parental appraisal of meanings in infants' behaviours and children's social development [16] .
The present study tested the two accounts of the differences between parents and nonparents. We modified Meins et al. 's method in the following points to create a "description task." Meins et al. [16] observed interactions between a mother and her own children; however, nonparents do not have children. Thus, we created video clips of infants' behaviours, and parents (who were not parents of the infants on video) and nonparents were recruited. In addition, Meins et al. assessed whether mothers appropriately referred to infants' mind. In other words, how accurate mothers interpreted the meanings of infants' behaviours was examined. On the other hand, in previous studies described above [6, 12] , researchers assessed the richness (or the number) of participants' interpretation irrespective of appropriateness.
Given that, we assessed how much participants described infants' mental states while viewing the video clips.
Although the description task was the main focus in the present study, participants were also asked to rate the intensity of meaningfulness about infants' behaviours. This task was inspired by Reznick [9] . In the study, mothers were shown a set of video clips, where infants were behaving more or less intentionally. Then, they were asked to rate on an 8-point scale that indicates how intentional the infants' behaviours were. Results showed that infants' behaviours such as goal-oriented actions and repetition of actions were rated as more intentional by mothers. However, in Reznick's study, mothers were asked to evaluate intentionality of infants' behaviours. Thus, we modified the procedure to assess whether participants evaluated meaningfulness of infants' behaviours. In this study, participants were asked to rate likelihood (or intensity) of the infants having any mental states in the rating task. We gave participants the rating task as well as the description task because nonparents may be aware that infants may have some mental states even though they did not explicitly describe specific ones.
In this study, unlike previous studies [6, 9] , parents and nonparents were asked to report meaning in specific acts of infants' behaviours. That is, they had to respond to the same infants' acts. We used stimuli that included infants younger than 9 months old because previous studies suggested that infants under 9 months maximize the possibility of interpreting infants' behaviours [9, 12] . The meaning of older infants' behaviour could be easier to identify [9, 17] . Moreover, we explained the definition of meaning to parents and nonparents before the experiment based on Kamel and Dockrell [12] .
If the different act accounts were correct, both groups would respond equally to the stimuli. However, if the different evaluation accounts were correct, parents would read more meaning from infants indexed by richness of mindmindedness than nonparents. Further, we examined sex differences as well as parent-status differences in the interpretation of infants' behaviours. Regarding adults' responses to infants, it has been reported that women show more sensitivity to infants' faces and voices [18, 19] . It is likely that men and women had different mind attributions for infants.
Pilot Study

Materials.
To measure adults' richness of mind-mindedness for infants, an original video-based measurement was developed with reference to Reznick [9] and Adamson et al. [6] . The pilot version was reported in Shinohara [20] . The set of video stimuli of richness of mind-mindedness needed to include natural and day-to-day infant's aspect. To create the set of video stimuli, the first author observed 8 mother-infant pairs at home for 30-60 minutes. These infants were typically developed 6-to 9-month-old children (4 boys, 4 girls).
Videos were analysed to categorize the infants' day-today activities. Each video was divided into episodes of 10 seconds and the episode was labelled by an experimenter. For example, one of the scenes was described as "motherinfant play interaction" or "infant's reaching for the toy." Table 1 : Scripts of video stimuli.
Rating task
Script (1) An infant holds a toy in each hand (one toy contained a bell) and made a sound using the toys. (2) An infant sucked his thumb on one hand while opening, closing, and gazing at the other hand.
(3) An infant saw a glass door with his mother and the door reflected the infant and mother. The infant saw the mother's face on the door and smiled.
(4) An infant was drinking milk with a feeding bottle. After the infant stopped drinking, the mother took the bottle. The infant screamed.
(5) An infant was playing peek-a-boo with her mother. When the mother covered her face, the infant gazed at her face. When the mother revealed her face, the infant made a loud noise. Description task Script
(1) An infant held and handled a toy. Then the infant stopped operating the toy and approached his mother with hands reaching toward her and hugged her.
(2) The mother fed her infant with a spoon. After the infant chewed the food, the infant closed his mouth, smiled, and chewed again. 
The mother played with her infant by moving her hand back and forth above her infant's face. The infant gazed her mother's hand and reached her own hands when mother's hand was just above her face. Then, the infant gazed at her mother's hand that got away from the infant's face.
When an infant chased a ball rolling to under a Note. Each video stimulus was paused at the moment in the italic part of the script. Participants were asked to answer about the infants' behaviours in each video.
Regarding the context meaning, the infants' behaviour in each episode was classified into 7 categories: "object manipulation," "engagement in social interaction with mother," "expression of seeking for mother (e.g., crawling toward mother)," "sensory/physical/tactile stimulation (e.g., finger sucking)," "eating and sucking," "unexpected event (e.g., slip on the floor)," and "others." We considered two points to include the episodes as video stimuli. First, infants' activities that were observed for more than two infants were selected from each category. Second, the episodes where the observed mother commented on the infants' mental state spontaneously in the interaction were selected. The infants' sex and age were balanced, and 28 segments were selected as stimuli materials for mind-mindedness measurement. Some film clips included infants alone while others had infants with their mothers.
Prior Study for Stimuli Selection.
Each video clip lasted 30 seconds in duration. To specify infants' behaviours, the video clips were modified to pause for 5 seconds at the target infants' behaviour. Sounds of the clips were typically not modified except that the mothers' utterances including some comments on the infants' inner states were erased. In the prior study, 14 graduate and undergraduate students (7 women and 7 men) rated each of the 28 clips on the salience of infants' internal states underlying his/her behaviour. This rating method was used in Reznick [9] . Participants were asked to watch the video clips and to rate whether the infant had any mental states on an 8-point scale. The rating scales ranged from 1 (definitely not) to 8 (very much). We selected test stimuli from the video clips according to the following criteria. For a rating task (for details, see Table 1 ), video clips that had a relatively large standard deviation (i.e., >3.40) and did not have too low or too high of a mean rating score (range 3.79-6.36) were selected as stimuli. For a description task (for details, see Table 1 ), video clips that had a mean score greater than 5.0 on an 8-point scale and a relatively small standard deviation (i.e., <3.30) were selected. It was considered that selecting the clips where infants had relatively stronger inner states made it relatively easier to answer about specific contents of infants' inner world. After sex and age of the infants in each video clip were balanced, five video clips were selected as stimuli for a rating task and a description task, respectively.
Main Study
3.1. Participants. Participants ( = 115) comprised 56 nonparents and 59 parents. Nonparent participants were undergraduate and graduate university students (20 men and 36 women, mean age = 21.29 years, SD = 2.31, and range 18-31). None of the students had experience with rearing infants. Participation was voluntary and written consent was obtained prior to participation. Parents were 59 mothers who had infants aged 6 to 8 months. This ensured that mothers had the same experience with infants as the mothers from the video stimuli. Mothers were recruited from Japanese middleclass communities. A local child-rearing meeting and nursery school were used to recruit the sample. All mothers were married and lived with their partners. Written informed consent was obtained prior to mothers' involvement in the study. The average age of mothers was 32.47 years (SD = 4.57, range = 20-41 years). Thirty-two infants were first-born (54.5%), 26 were second-or third-born (44.1%), and one infant's birth order was unknown. All of the infants were healthy and developing normally.
Regarding maternal education, two mothers had graduated from junior high school (12.9%) and 23 mothers had graduated from high school (24.7%). The other mothers had higher education: 23 mothers (39.0%) had graduated from a career college, 19 mothers (32.2%) had an undergraduate degree, and three mothers (5.1%) had some graduate education. One mother's education history was unknown.
Experiment.
Two types of measurement, a rating task and a description task, were composed to capture the dual aspects of adults' view on infants' mental state. All participants participated in both the rating and description tasks. Participants were asked to watch video clips of infants and answer questions. All video clips were shown on a PC monitor.
The rating task focused on adults' tendencies to attribute any mental states that were activated and elicited by exposure to infant stimuli. In the rating task, participants were asked to rate the likelihood that the filmed infant has some mental state. The introduction provided to participants was the following: "We are asking you to help us understand infants' mental states. You are going to see five video clips where infants are playing and interacting with their parents. Do you think that the infants you will see in the following filmed episodes have some mental state? Your task is to rate how likely it is that the infants have an inner mental state at the paused scene using an 8-point scale." The rating scales ranged from 1 (definitely not) to 8 (very much). In this task, each video clip was presented twice. Participants were asked to rate the video clips after watching each video clip (Figure 1 ).
In the description task, the adults' subjective interpretations of infant's inner states (hereafter, this tendency is referred to as "description") were measured. Participants were asked to watch another 5 In both tasks, participants were informed that "mental states" referred to infants' thinking and feeling (i.e., anything going through the infant's mind). Participants were instructed that the experimenters were interested in their opinions and that there were no right or wrong answers. The experiment took approximately 15-20 minutes to complete.
Coding.
For the rating task, rating scores were determined by calculating the average rating point across 5 stimuli. This score provided an index of participants' general tendency to attribute mental states to infants.
Participants' description task answers were transcribed verbatim and the comments that referred to the infants' mental state were analysed (for details, see Table 2 ). Some participants talked about their own or the filmed mother's feeling and thoughts; therefore, these answers were excluded from analysis. Following previous studies [21] [22] [23] [24] , participants' use of mental state terminology that referred to what was going on in the infants' mind was counted. Participants' answers that described infants' emotions, preferences, interests, intentions, desires, and cognitions were coded as "mind-related" comments (see Table 2 ). In this coding system, use of explicit mental state terminology was counted as description task score; therefore, participants' comments such as "TV! TV!" were not counted as reference to an infant's mental state. It was possible that participants tried to describe infants' curiosity or interest using these comment; however, that comment was still too vague. The repetition of specific descriptions for one video clip was not counted separately. For example, a participant that used the term "like" twice in his/her answer ("He likes that ball, he really likes the one") was coded as one "like" in the description. Participants' descriptions that referred to infants' behaviour and perception, such as watching, looking, and laughing, or to context of episode were coded as "not mind-related" and excluded from counting. The total number of participants' use of internal state language during the task with five video clips was calculated as description scores. This study focused on overall richness in the description of infants' mental world; therefore, a frequency measure was adopted for analysis.
The first author coded all interviews in the description task. A random set of 27.83% of the transcription ( = 32) was also coded by an independent second coder who was blind to the aim of this study and to other participants' information. Interrater agreement for participants' use of mental states terms was = .923.
Results
Rating Task.
The means of the rating scores are presented in Table 3 . There were no significant differences in either the sex of the parent's own infant ( (57) = .337, = .737, and = .08) or birth order ( (43.45) = 1.194, = .239, and = .32). Parents' education level was not related to the rating score toward filmed infant ( = −.045, = .738).
There was a technical error for the rating task of one male participant; therefore, the participant's data was excluded from the analyses. To identify that the rating scores significantly differed from 4.5 (the median of the 8-point scale), a one-sample -test was conducted. The analysis revealed that parents and nonparents positively attributed mental states to infants (parents, (58) = 10.363, = .001, and = 1.91; nonparents (54) = 6.981, = .001, and = 1.33).
Among nonparents, women positively attributed mental states to infants ( (35) = 8.83, = .001, and = 2.09); however men did not ( (18) = 1.85, = .080, and = .60). The results suggested that women, even if they had rare experience with infants, tended to evaluate that infants behaved with mental states.
We investigated whether the rating scores differed between parents and nonparents. We conducted a oneway ANOVA using group (parent, nonparent women, and nonparent men) as a between-subject factor. We found a significant main effect of group ( (2, 111) = 5.617, = .005, and 2 = .092). Post hoc comparisons using Bonferroni method revealed that mothers rated the rating of filmed infants' mental state higher than nonparent men did ( = .003). However, parental scores and nonparent women' scores did not differ ( = .755). The mean of nonparent women's rating score was marginally higher than men's score ( = .078). These results indicated that sex rather than childrearing experience was an important factor for the perception of the rating of infants' mental states.
Description of Infants' Inner
States. The average description scores are presented in Table 3 . Therefore, parents commented on infants' internal states almost twice for each video clip. Description scores of daughter's mother and son's mother did not differ ( (57) = 1.725, = .090, and = .449).
Further, there was no difference among primiparous and multiparous mothers ( (56) = .063, = .950, and = .016). Therefore, mothers' reference on infants' inner world did not relate to mothers' previous experience of parenthood nor her own infant's sex. Education level was significantly related to maternal description scores ( = .320, = .01).
We investigated whether description scores differed among parents, nonparent women, and nonparent men. Given that the education level was related to maternal description scores, we conducted an analysis of covariance (ANCOVA) with participants' group as a fixed factor and education as a covariate. The results revealed that the main effect of group was significant ( (2, 110) = 7.178, = .001, and 2 = .115). Post hoc analyses using Bonferroni method indicated that mothers commented on infant's mental states more than nonparent women ( = .003) as well as nonparent men ( = .001). Further, nonparent men and women did not differ in description score ( = .278).
Regarding the description of the infants' internal state, we conducted further analysis on participants' speech. Description score was the total number of participants' comments that related to the infants' mind and mental processes. However, participants made other comments on infants' behaviour or context. Description score was a verbal index, and it was possible that a higher education level was associated with extensive vocabulary. In order to consider participants' verbosity, all comments regarding filmed infants in description measurement were counted. The verbosity score was the total frequency of participants' references to the infants' mental state, behaviour, or the context of the video clips (total number of "mind-related" and "not mind-related" comments). The mean total comments of mothers, nonparent men, and nonparent women were 16.12 (SD = 8.27), 12.95 (SD = 6.35), and 15.06 (SD = 7.31), respectively. An ANOVA revealed that there was no difference among mothers, nonparent men, and nonparent women in total frequency of comments during the description task ( (2, 112) = 1.272, = .284, and 2 = .022). Mother's education level significantly correlated to the amount of total comments in description score ( = .310, = .018). Comparable to description score, an ANCOVA was conducted on the total amount of comments with participants' group as a fixed factor and education as a covariate. We found no significant group difference ( (2, 110) = 2.709, = .071, and 2 = .047). The results indicated that the difference in mind-related comments on infants between mothers and nonparent women was distinct from verbosity or education level.
Discussion
In this study, parents' , nonparent women's, and nonparent men's theory of infants' mind were examined. They were shown video clips of infants and asked to rate the intensity of the infants having mental states (rating task) and to describe the infant's mental state in an open-ended manner (description task). The results revealed that parents and nonparent women showed significantly higher rating scores than nonparent men; no significant differences were found between parents and nonparent women. On the other hand, parents displayed significantly higher description scores than nonparent women and men. The higher description scores of parents may not be due to parental verbosity because the total number of the utterances during the videos did not differ across groups. The results taken together suggested that there might be sex differences in terms of the rating scores. Moreover, parents and nonparents may differ in terms of description and richness of proclivity to treat an infant as an individual with a mind.
The results contribute to our understanding of how parents and nonparents differed in interpreting infants' behaviours. Previous studies have shown that parents were more likely to select meaningful acts from infant on video than nonparents were [6, 12] . One possible interpretation of those results was that parents might split a stream of infants' behaviours into more detailed acts; therefore, parents can select more meaningful acts ("different act account"). Another interpretation was that both parents and nonparents might equally focus on infant's behaviours; however, parents may be more likely to read meaningfulness in each infant's behaviours than nonparents ("different evaluation accounts").
In this study, participants were asked to report the meaning of the infants' behaviour during specific acts of infants' behaviours. Therefore, if the different act accounts were correct, there should be no differences in the number of responses between parents and nonparents because participants were presented with the same behaviours and asked to evaluate the meaningfulness of the behaviours. However, the results revealed that parents were more likely to interpret meaning from infants' behaviours than nonparents, especially in the description task. Therefore, the results did not support the different act account. Rather, the results supported the different evaluation accounts, suggesting that parents can interpret more meanings from infants' behaviours.
The results were largely consistent with previous evidence that parents attributed some mental states to infants' immature behaviours. Indeed, Meins et al. [14] observed mother-infant interaction during free play and found that mothers often refer to infants' mental states such as emotion, which was used as the index of mind-mindedness. This study extended the findings in two important ways. First, these previous studies did not directly compare parental responses to nonparents' responses. Thus, we created video clips that contained a stream of infants' behaviours. This enabled us to directly compare parental responses to nonparents' responses. Second, Meins counted maternal comments that appropriately referred to infants' mental states; however, this study assessed the richness of participants' mind-minded responses irrespective of whether parental responses were appropriate.
In addition to the description task, we assessed the intensity or adults' tendency to attribute any mental states that were activated and elicited by exposure to infant stimuli. The intensity measure was inspired by Reznick [9] who reported that mothers rated infants' behaviours such as goal-oriented actions and repetitive actions as intentional. Our results showed that there were significant differences in the rating scores between mothers and nonparent men, but not between mothers and nonparent women. Therefore, there might be sex differences rather than parental state differences in rating scores. We believe that the sex differences may be related to more biological mechanism. It has been reported that women show more sensitivity to infants' faces and voices [18, 19] ; therefore, nonparent women may be more sensitive to infants' behaviours than nonparent men. However, their lack of experience with infants may lead to the failure to specify the meanings as measured by description task. Sprengelmeyer et al. [19] suggested that sensitivity for infants' faces was dependent on reproductive hormones; thus, it is possible that experience-related factors modified the response to infants. Particularly, we speculate that experience of parturition and nurturing influences the recognition of infants as agents with minds.
One limitation of the present study was that we did not assess male parents' responses. Several prior studies have examined the differences and commonalities between mothers' and fathers' childcare behaviours [25, 26] . It is necessary to focus on the fathers' impression about infants' mental state to reveal the sex and experience differences in mental state attributions. Although research focusing on fathers' interpretation was relatively scarce, Elias et al. [27] showed that mothers and fathers had a high level of agreement on what they interpreted as infants' communicative behaviour; however, there were some differences between parents' identification of the emergence of infants' intentional acts. Comparison between father and nonparent men could reveal sex or experience effects on responses to infants.
There are some issues that should be addressed in future studies. First, this study assessed the participants' perception and interpretation of infant's behaviours, but not how such interpretation directs the participants' behaviours toward infants in real interactions with infants. Thus, we need to observe the interactions between participants and infants and examine how parents' behaviours were different from nonparents' behaviours. We expect that parents, who attribute more meanings to infants' behaviours, can interact and communicate with infants more smoothly compared to nonparents. Moreover, there might be individual differences within parents. For example, parental' mental health, such as depression, may play an important role in how they interpret infants' behaviours and how they interact with infants.
Second, it may be of interest to examine whether the differences in mental state attributions between parents and nonparents were specific to infants or can be extended to adults or other agents, such as robots. Previous studies have shown that adult participants attribute state of minds to different agents, such as God [3] [4] [5] . However, it is still unclear what kinds of factors may affect individual differences in the attributions. Our results showed that parental state affected adults' theory of infant minds, and this tendency can be generalized to other agents.
In conclusion, the present study showed that parents were more likely to describe the filmed infants' mental states than nonparents. The results suggest that parents can interpret more meanings from infants' behaviours compared to nonparents, even when both parents and nonparents equally focused on infants' behaviours.
